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(57) Abstract 



A device for **** separation of the liquid portion of blood from the cellular components of blood comprising: a pad of porous material 
(12) permeable to the liquid portion of blood but capable of trapping the cellular components of blood; a substrate supporting the pad (16); 
and means (14), attached to the pad, for facilitating the flow of the liquid portion of the blood: (i) through interstices around the trapped 
cellular components of the blood and (ii) from the pad of porous material. The separation of the liquid portion of blood from the cellular 
components of the blood occurs by flow through the pad of porous material without significant hemolysis. The device can be incorporated 
into a device for the performance of specific binding assays such as immunoassays. The pad of porous material can contain an agglutinating 
agent such as a lectin or an anti-blood cell antibody, or a carbohydrate such as mannitol. Other devices and methods for the separation of 
the liquid portion of blood from the cellular components of the blood are also disclosed. 
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DEVICES AND METHODS FOR SEPARATING CELLULAR 
CO^ONENTS OF BLOOD FROM LIQUID PORTION 
OF BLOOD 

BACKGROUND OF THK TNVRNTrnN 
This invention is directed to methods and devices for separating 
cellular elements of blood from the liquid portion of blood, particularly in 
connection with the determination of characteristics of blood, samples. 

Among the many analytical systems used for detection and/or 
5 determination df analytes, particularly analytes of biological interest, are 
chromatographic assay systems. 

Such chromatographic systems are frequently used by physicians 
and medical technicians for rapid in-office diagnosis and therapeutic monitoring 
of a variety of conditions and disorders. They are also increasingly used by 
10 patients themselves for at-home monitoring of such conditions and disprders. 

Among the, most important of such systems are the "thin layer" 
- - system in- which; a ^ solvent moves- across -a thin r flat absorbent medium:, Among 
the most important of tests that eart.1>e perfbim layer systems 

aire immunoassays, which depend ojrthe specific interaction between an antigen 
15 or hapten and the corresponding antibody to form antigen-antibody complexes. 
The antigen to be detected can itself be an antibody, such as in serological, assays 
for H. /^ton-specific antibody. In such cases; the antibody to be detected qan.f 
also be bound to .a specific antigen. Alternatively, the antigen to be detected can 
be detected indirectly by using a labeled second antibody that binds to the first-"" 
antibody to the analyte'to be detected.' These" immunoassays as a means ior 
testing for the presence and/or amount of clinically important molecules have . li 
been known for some time. As early as 1956,- J.M. Singer reported the use of^ 
an immune-based latex' agglutination test for detecting; a factor associated with_ . s 
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rheumatoid arthritis (Singer et at;. Am: J. Med^- 22: 888^92 ; (1956)). '"" r " 
Immunoassays have been used with chromatographic methods £nd de vibes; this 
combination is' kriowri-as immiinochromatography s,iJ ' " 

r ilmmunbchrdmatographic assays fall mto two principal catego^ 
5 "sandwich" and •• , competitivev" : according to Ithe nature of the ahtigeh-antibody 
complex to be detected and 'the sequence " of reactions i required to jirbduce that 

complex. - ■ r:>~zi. ' '<-■ " v - : 

- Examples of sandwich immunoassays performed oh tek strips are 
described by UiS.-Patmt No\'4'468;i46'WGriibb-et l al: and U.S. 'Patent No?' 

10 4,366,241 to Tom et al., both of which are incorporated herein by this reference. 

— - In competitive immunoassays, the disclosing reagent l /s typically 
coupled to an analyte or analyte analog which competed for binding with an " 
antibody with any urilabefe'd analyte present brthis sample. Competitive 
immunoassays are typically used for detection of anaiytes such as haptens, each 

15 hapten being monovalent and capable of binding only one antibody molecule. 
Examples of haptens include therapeiiuc^drtigs ' sucfif as iheophyiline "and digbxin ' 
and drugs of abuse such as cocaine and 1 heroin ^d'meir metabolites/ 'Exam 
of competitive immunoassay devices" are those disclosed by u!s/ iPafeht No."*' * 
4,235,66i r t6 : Deutsch etal.', if.Sr Patent Nb/4^442,204^to LiomrBid U.S. 

20 Patent No; 5,208-535 to Bue L cliler et kl., idl'df whicih are incorporated iiefein by 

this reference/ ' ■ ■ : * — -' ' '• ' '-' " k " * J " 

' c One of the samples mdst frequently assayed for ah analyte using 
test strips or similar* devices is blood; Most typically, the' analyte to be assayed 4 
is a soluble componenrin the liquid portion 6f*bidod, T.e., serum or plasma! '' 

25 The compbsitionsVfthe bbtsuned from a 

blood sample that has been allowed to clot, is lacking in 'fibrinogen arid certain 
other clotting factors mat are depleted as a result of the clotting process. 

" "Most typically, ^ the clinician dr'tecmnbiari will "draw a blood 
sample, which is often" a fairly' smilr sample: K would be preferable to be able 

30 to use the entire blood sample for the assay, avoiding the necessity of a 6iilk 

preparation of serum or plasma from the blood sample. However, with most test 
strips and similar analytical devices, the use of whole blood as a sample, or even 
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a blood sample from which f the cells, particularly the erythrc^yte$, -}^y.e t>^enrr' . t .i 

partially removed, is undesirable ,. rr ... /. ; r r ; , , . 7 - 

The blood cells , particularly the erytiiFpcy tes first sjp w; the flpjv : 
of serum, or plasrna, along, the membrane arjd ultimately ,stopJt i: byr clpgging the 
5 pores of tfre : membrane. ., This-^sijlts ip an invalid test. /T^^nigratrqn ofrjsd 
blood cells or other Jblpoj^cplls can.alsp^reate ;.hig{i . baolqgrpui^s -9j;otherwise 
interfere with the performance of the test carried out by the assay device., 
Although . tyood. pells can be removed by filtration through jnicrpppjous filters , 
the action of : $ycJi filters is generally roo slo$y to permit .efficient as_say of cell-. 

10 free.blood. 1%l . ■ . . 

. , Additionally, even: if .the blqpd cells, ar^ effectively reipoved, 
methods for 4ging r so frequently result. in hemolysis.,. Tfte Recurrence of 
hemolysis is undesirable because it rp^te in the Release of enzymes, 
hemoglobin, ptfter pigments, and ^. strpmata into the cell-fqee portion. of blood. 

15 This causes interference with man^ pliiug^ t£St§> r . ... , l£ . f t ( 

Various methods, for. th? separation, of blood ,cells ficqm die .li.qpjM.d 
portion of blood ^e desCTibed i^ U,S. Patent. No. 3,jZj5g ? 9J?-S ta, : 

Grubb etat, U t S.. Patent N P- V 3,po%9^4 to Q^ejisp^, U.§. Eatenf Nflu v . 
4,477,575 to Vpgel et al. A J^ ; ^ 

20 4J53.776.to. Hmman et ;; *l. , ? U,JS : .^ate^t ^o. : 4,31$,?24 ti to YogeLef aL, U^S. v . 

Patent No. 4,933,092 to Aunet et al., U.S. Patent No. 5,055,195 to Trasch et 

aL, XLS. Pateqt No t 5^064,5^ to J)Wg^.af. t ^,S^aiJMtt ^0.^,076,925 to 
Roesink^al., U : S. Patent £o.. 5^ ... . 

5,118,472^0 Tapaka et.al., l|.3. r ^atept Qo r ,5 1.130^25^10 Nlakinq et jjl. , U>S . 

25 Patent No. 5A35.719 to ffltam.et al. ^U.S^ Patent No. 5,2^9,904, to : Fpmpy et T 
al., ILS, Patent No. ^.2^,^»^<^p^ & al. ^U.S. Patent Np. ,5,240,862 to 
Koenhen et al., U.S. Patent No. 5,262,067 to WUk et aJU U.S. .Patent 
No. 5,306,623 to Kise,r et al., U.S., Patent No.. 5,364,533 to Pgura et al., and 
U.S. Patent.No. 5,397,479 to, Kass et al^, ...sOLgf , jvtiich are. incorporated herein by;. 

30 this reference. .. . _ . .. , ■ 
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u * : However, tliere is jstill a iieed for an improved method of 
separation of the cellular components of blood from the liquid portioii of blood 
for rapid anci accurate assay of analytes contained in the li<piid*porfiori of blood. 
Particularly, there is a need for an integrated device that incorporates both an 
5 assay element' arid means for separating the liquid portions of blood from the 
cellular components of blood so that an analyte present in the liquid portions of 
blood can be assayed readily in a single device. Such an improved device'would 
avoid tie necessity of a preliminary extraction of serum oir plasma with its 
attendant necessity' of safe disposal of the blood fractions. This has become a 
10 serious problerii-due to the increased spread' of blood-borne diseases such as 

hepatitis and AIDS. An 1 imprtrted device would be capable of direct assay of the 
desirbd auklyte When d whole blood samplers applied to the device.* 

fi * Preferably/ such a device should be able to perform a broad range 1 



15 



of immunoassays, including both sandwich and competitive immunoassays. 



J We tiave' developed 1 devices and methods for separating the "liquid 
portions of wholeblood from the cellular components of blood, as weir as assay 
devices and methods' for their' use, that meet these heeds. 
20 One "aspect of the device is a device for separating the liquid 

portion of bldod froM the* 

' " (T) -a pad' of porous material permeable to the liquid portion of { 
blood but capable of trapping the cellular components of blood; 
■ (2) "a i^bstrate suppo 
25 (3) means, attached to the pad, for facilitating the flow of the 

liquid portion of the blood: (i) through interstices around the trapped cellular 
components of the blood within" the' pad arid (ii) itom^the pad of porous material: 
The separation of the liquid portion of blood from the celltilar' 



components of the blood occurs by flow through the pad without significant 
30 hemolysis. 
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Typically, the pad of porous material contains a. binder for the 
cellular .components of blood. If the binder is .an. anti-blood cell antibody, it is 
preferably an anti^rythrocyte^^ If., the binder is a leptin, a number of . > . 

types of lec.tins are suitable for use. . , 

5 . . . Alternatively, the pad can be impregnated with a carbohydrate 

capable of aggregating, blood celjs. A. number of carbohydrates aje suitable^for 
use. Preferably, the carbohydrate is mannitol . . 4 

a . The pad of porou^ material in this deviqe.jcan incite :tt*;o sectors: 
(i) a first sector permeable to bot|i |he liquid portion of blood and; .the cellular ■•■ 
10 components of blood; and (ii) , a second sectpj permeable to the liquid, portion, of 
blooji but capable of binding the cellular components, of blood. . • , 

Alternatively, the jj>ad of porous material permeable to.thpjiquid,. ,. 
portion of bipod but capable of trapping the cellular components Qf blood can 
include therein an asymmetric membrane with a first surface and a second 
15 surface, the membrane having a gradient of pore sizes such that the pore size . 
decreases from the first surface to.t^e, sepqncj purface, the asymmetric membrane 
capable of trapping the cellular components .of blood \rithin it and. allowing the 
liquid components of blopd to pass through. ( . t ... , t . , 

The means, attached tj) the pad, for focilitating t£e flpw of the -,..-v 
20 liquid portion of the blood typically includes therein a merpbraj^e for 

chromatographic separation;, the membrane for chromatographic, ^separation 
typically has a capture zone thereon for binding a member Qf a specific binding 
pair. 

" v. : 'Jo vnrs.c^ws v.d";:^ ;T* '" c. ;. : *r. * 

This device, and other analogous devices described below, can be 

25 used in a method of separating the liquid potion of blood from the cellular 

components of blood. If a membrane for chromatographic separation is 

included, the device can be used in a method for jieifonning an as$ay for 

detecting, and/or determining at least one analyte in the liquid portion of a blood 

sample. 

30 One aspect of the present invention is a device for separating the 

liquid portion of blood from the cellular components of blood comprising: 
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(1) a first porous separating matrix permeable to theliquid portion 
of blood but capable of trapping the cellular components of blood; anb* : : 1 ' 

y(2) a second porous matrix inoperable contact with the first 
porous separating matrix that permits the liquid portion of the blood id flow by* 1 
5 capillary action or chromatographic separation through the second porous matrix. 

; t The separation of the liquid-portion of blobd from the cellular 
components of the blood occurs by flow through the first arid' second matrices 
without significant hemolysis. **' : 1 

In : this version of the 5 device according to the present invention, the 
10 second matrix is- typically a membrane for chrom&bgraphic separation, thus 

producing an assay device. The membrane for ^ cteomatographic' sepiratioii ' 
typically has a capture zone thereon for bindihg' a membe'r" of a specific binding **" 
pair. ' - .■*:-.*-*■.-" »■ 

If the second matrix is a membrane for chromatographic ( 
15 separation; a method fbr performing ah assay for detecting and7oir dete rmining at 
least J 6ne aiialyte in the 1 liquid portion of a bidbd sample can comprise the steps 
of: — " - • : — "* r '": o; ' ; " :: : ' ;f ... ■ 

(1) applying a sample of Irtdod to the T first porous separating 
matrix Of the device; : ^ r;1 ' ; } 11 *' ! ,L 

20 • ; (2) alldwing the* Blood sample to flow through the first porous 

separating iriatrix to separate the liquid portion of the blood sample from the 
cellular components' of thfe bfooci saiSple; 1 , : ^ ^ ' . 

-gy facilitating the' flow'' of the liquid portion of the blood through 
the interstices around -tHe trapped cellular components of the'blood as~a result of 
25 the action t)f ^thie second imtrix; L iici Ki : 

(4) allowing the liquid p6rtio5 6f the WodS to flow through 'the 
second matrix so that an assay is perfonhed 'in the second matrix, the assay being 
performed by binding a membdr of a specific binding pair to the capture zone of 
the second matrix to detect and/or determine the at lekst oie ahalyte. 
30 The first separating' iriatrik dan be an asymmetric membrane with a 

first surface aiiii a second surface; The menibrahe has a gradient of pore sizes 
such that the pore size "decreases from tbte first surface to the second surface; the*' " 
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asymnietric, membrane is capable of .trapping-, the cellular, components of blood 
within it and, alio wing the liquid comppnents of blood to pass through. ? t 

,;..■■•» jjTypjjpaHy* ^ e 4eyipe. father comprises an impermeable solid 
support to which.the. second matjra is.focedly attached; . , - a L r v; . 

. .Yet another aspect of the invention* is a deyice for- the jseparation of 
the hqiiicl portion of blood jfrom the cellular components ofJMoofiiComprising 
three matrices. Such. a device can comprise;-. ;:; >:v *. - 

(1) a first porous separating matrix permeable; to tfee liquid portion 
of.blood but.^capable of trapping. ihp cellular components of.blood; 

(2) a .secqijid poi;pu£ sepai^^^n^C[ix : in operable ; contaet with the 
first porous separating matrix germ^able to the liquid portion of blood but 
capable of trapping thp, cellular, compoiynts . of blood;; and ...... 

(3) a third porous matrix in operable contact with the second 
porous separating matrix t^at permits j£e liquid i portion ,of fhe, blood to flow by 

15 capillary .action or chromatographic Reparation through t|ie second porous matrix. 
The separation o^ 

components of the blood occurs by flow through the first and second porous 
separating matrices without sign^CMt r he^olysi§ f _ r . M - VF . ~ 

Yet another embodiment of a device according to. the. present , 
20 invention has multiple second gorous matrices. Such a d.eyice comprises: . 

(1) . a first po^us ^eparatipg ;p.pnueab|e to tbe.liqujd portion 
of blood but capable of trapping the ceUul^xpj^pone^nts pf-blpqd;. and , 

(2) at. least two second poroys J mairjtces f each second porous 
matrix in operable contact with . the first poroys ; separating matrix, that permits the . 

25 liquid -portion of the blood., to flow by capillary action ; or chromatographic .... 
separation through the sp^ondpo^ .". .. VJ . : 

„ Still anpthei; aspectof the.gresent invention is a two^cpmppnent , . 
device for separating, the liqqid portion of a blood supple from the cellular 
components. This device comprises: ., . _ , . f 

30 r .(1) 2l first opposable component .including: , 

(a) a first porous separating matrix permeable tQ g the liquid - 
portion of blood but capable of trapping the ceUular. components of blood; and . 
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r * ' (b)' a second porous matrix in operable contact with the first 

pbrous separating matrix that permits' the liquid portion of the* blood to flow by 
capillary action or chromatographic separation through the second porous matrix; 
and 

5 " (2) a second opposable component attachable to the first'opposable 

component such' that the first and second opposable components can be brought 
into opposition to transfer fluid from one of tlie opposable components to the 
other by pressure. J ' 

The separation of the liquid portion of blood from the cellular . 
10 components of the blood' occurs by flow through the first and second matrices of 
the first opposable component \vithout significant hemolysis. 

r The second opposable component can include a sample preparation 
zone, which can include at least one reagent for treatment of the sample or a 
specific binding partner labeled with a detectable label, the specific binding 
15 partner having specific binding affinity for at least one component selected from 
the analyte arid a specific binding partner for the analyte in a form that can be 
resoiubiiized i>y the addition of an aqueous sample to the sample preparation 
zone. 

: A two-coiripohent device particularly adapted to bidirectional 
20 assays can comprise:' ■•**• ' - ' * ■ "' 

(1) a first opposable component including: 

(a) a first pbrbuis separating matrix permeable to the liquid 
portion of blood but capable of trapping the cellular components of .blood; and 

fc (b) a second porous niatrix including a membrane for 

25 chromatographic separation urop'erable contact with die first porous separating * 
matrix that permits the liquid portion of the blood to flow in a first direction by 
capillary action or chromatographic separation through the second porous matrix; 
and 

(2) a second opposable component attachable to the first opposable" 
30 component such that the first and second opposable components can be brought 

into opposition to transfer a reagent from the second opposable component to the 
first opposable component by pressure such that bringing the first and second 
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opposable components into opposition causes the reagent transferred from the 
second opposable component to the first opposable component to migrate, through 
the second porous matrix in a second direction opposite to the first direction. 

In this version, the separation of the liquid portion of blood from. 
5 the cellular components of ; the blood occurs by flow through, the first and second 
matrices of die first opposable component without sij^ficant hemolysis. 

Another aspect of the present invention, is a method for separating 
the liquid portion of blood from the cellular components of blood comprising the 
steps of: 

10 ./ (1) adding a cross-linking substance for the cellular components, pf . 

blood to a sample of whole blood, the crpss 7 linking i substance being selected 
from the group consisting of a lectin, an anti-blood cell antibody, and a 
carbohydrate capable of aggregating blood cells; 

. .(2) pixing the cross-linking substance and the blood sample to . 
15 form a mixture of the cross-linking substance and. the blood sample; 

r (3) applying the mixture of the cross-linking substance and the 
blood sample to a device for separating the liquid portion of blood from the 
cellular components of blood, the device comprising: 

(a) a pad of porous material permeable to the liquid portion 
20 of blood but capable of trapping the cellular components of blood aggregated by 
the reaction between the cross-linking substance and the blood sample; 
. (b) a substrate supporting the pad;. and 

(c) means, attached to the pad,. for facilitating the flow of 
the liquid portion of the blood: (i) through interstices around the trapped cellular 
25 components of the blood and (ii) .from the pad of porous material, whereby the 
separation, of the liquid portion of blood from the cellular components of the 
blood occurs 'by flow through the pad without significant hemolysis; and 

(d) allowing the liquid portion of the blood to flow through the 
pad to separate the liquid portion of the blood from the cellular components of 
30 the blood. . 
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- Preferably, the' method further comprises adding an* anti coagulant 
together with the cross-linking substance/ Typically, the anticoagulant Is heparin 
or EDTA. ' : } ~ * " 

- * Preferably, 1 a concentration of cro^s : lihkihg substance is used that 
5 is sufficient to cross-link substantially all cellular elements of blood'. 

An alternative method for separating the liquid portion of blood 
from the* cellular components' of bioo'd coinprises tfiie steps* of : 

(1) adding a sample of blood to a capillary tube coated with a 
cross-lihkihg substance as described above; ' j ' ~ 
10 (2) allowing and cross-linking substance to dissolve in the 

blood sainple to form a mixture of the cross-linking substance and the blood 
sample- " - ' ; - : ^ t ■ ': ; " .. - : 

: l - ' (3) applying the mixture of the cross-linking and the 

blood sample to a device for separating the liquid portion of blood from the 
15 cellular components of blood as described above; and 

(4) allowing the liquid portion of the blood to flow through the 
pad to separate the liquid portion of the'blcbd frbm the cellular components of 
the blood. 

Preferably, the capillary tube is also coated with an anti-coagulant. 
20 ■* ' - - . 

BRIEF DESCRIPTION OF THE" DRAWINGS "'" ' 
u ' These and otlifer feattites, asjpectis, 1 and advantages of the present 
invention will becorhe better uiidefstood^wiidi reference to the following 
description, appended claiins, and accompanying drawings where: 
25 ■ ' Figure i is a drawing of a device for separating the liquid portion 

of blood from the cellular components of blood, employing a pad of porous 
material; 

Figure 2 is another drawing of the device shown "in Figure" i,"' 
showing ^the migration of blood tiirbugh the device; ' 
30 ' Figure 3 is a drawing" of another embodiment of an assay device 

according to the present invention employing a* porous pad with two sectors; 
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Figure 4. is a (drawing of anofher embodiment of ; a device for 
separating the . liqiiid portion.of blojod from the .cellular, components of bloo$i, y y : 
employing three matrices; 

. Figure 5 is a drawing o£yet another embodiment ;of an assay 
5 device according to the^presept invention with two second matrices-,, which can n 
incorpome, assay elements; ^ . . . . . . •„ , . 

• .Figure 6 is a drawing of an embpdiment of a ,two-compqnent . 
device according to the present invention; 

Figure 7 is a drawing of another embodiment of a two-component-. 
10 device according to the present invention; and > - 

. figure 8 is a schematic. diagram of a method according to the 
present invention for separating the liquid portion of blood from the cellular 
components of blood, employing off-board separation, with blood being added to 
a capillary tube containing a cross-linking, substance for the, cellular components 



15 of blood. 



. DESCRIPTION, 
Definitions 



20 In the context of this disclosure, the following terms are defined as 

follows unless otherwise indicated: . , _ .. ... . . _ ( . , ... . f .,' : , - ,.. r 

Specific Binding Partner: A member a pair of^piolecules that 
interact by means of specific non-covalejit. interaction that depend on the three- 
dimensional structures of the molecules involved. Typical p^irs of specific 

25 binding partners include antigen-antibody, hapten-antibody, Jionnone^receptor, 
nucleic acid strand- complementary nuqleic acid strand, substrate T enzyme tV . 
substrate analog-enzyme, inhibitor-enzyme, carbohydrate-lectin, biotin-avidin, .. 

and virus-cellular receptor. - * - ; ^ 

Operable Contact: Two solid components are.. in operable contact, 

30 when they are in contact, either directly or indirectly, in sugh a manner that an 
aqueous liquid can flow from one of the two components to thq other 
substantially uninterruptedly, by capillarity or otherwise. "Direct contact" means 
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that the two elements are in physical contact, such as edge-to-edge or front-to- 
back. Typically, whfeirtwo "components are in direct contact, they are overlapped 
with an overlap of about 0.5 mm to about 5" mm. However, the components can 
be placed with abutting edges/ "Indirect contact" "means that the two elements 
5 are not in physical contact, but are bridged by one or more conductors. 

Analyte: The term "analyte" includes both the actual molecule to 
be assayed and^analojgs- and derivatives thereof when such - analogs and derivatives 
bind another molecule used nrthe assay in a manne r substantially equivalent to 
that of the analyte itself; 

10_ - Antibody: The term "antibody" includes both intact antibody 

molecules off the Appropriate specificity and antibody fragments (including Fab, ' 
F(ab'), and F(ab')2 fragments) as well as cheinically modified intact antibody 
molecules and antibody fragments, including hybrid antibodies assembled by in 
vitro reassociatioh of suburiits and single-chain antibody molecules produced by 

15 genetic engineering. Also included within the definition are anti-idiotypic. ! 
antibodies" that specifically bind antigen-combining sites of antibodies. 

Without Significant Hemolysis: The term "without significant 

t •.♦ ... -iv */ vr 

hemolysis" means the absence of hemolysis to a degree such that the resulting 

'H: :^'y ;. ;l ?k~< a v. ^ l . 

plasma or serum snows no apparent redness against a white background by visual 

. . .^;'' J,, n :v:%i '> * : «'.'.'"' -iV \. .: ' i: - 

20 inspection. 

I;: v. lz ; nr: ^a^c- * . 

Supported: The term "supported" can include either directly or 
*■ • ' ''j.i ^-ri .." ; t'i; .y '.jC.v ..' . . *J - . ■ 

indirectly supported, as directly by a solid substrate or indirectly by a solid 

substrate through one or more intervening elements. 

Cross-linking Substance: The term "cross-linking substance" is 

25 used genetically herein to include lubstances that are capable of cross^linking, 

agglutinating, or aggregating the cellular components of blood. Specifically, this 

term includes lectins and anti-blbod ceil antibodies, as well as carbohydrates that 

can aggregate blood cells by making them adhesive and causing them to clump. 

• r. . ..... v-v. r c • ' ur."- 1 * v.» 1 > 

Methods and devices according to the present invention use one of 

• ' ;.-L v. r *\c :■ i.p ! t - :<: v 

.30 two techniques for separating the cellular elements (formed elements) of blood 

from the liquid portion of blood (serum or plasma, containing the soluble 

elements), for use in an immunochromatographic test format. 
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The first of these techniques is. active separation of the cellular 

■ '■>' . ■ l r ?■* 1-/. ".v .„v ** - j *: . . :? 

elements of blood from the liquid portion, of blood on or as an integral part of 

the test device, referred to generally ajs on-board processing., T}ie second of ,= 

these techniques is separation or blood sample processing before.the samplers 

added to the test device, referred to generally as ^ff r board processing. 



10 



15 



I. DEVICES AND METHOD S FOR ON-RQARD .PROCESSING 

."»» "-v. ^r-Z *7. "T* . * ~ * ' * * ■ • ■ """"^ rrr_: ~-' 
A. General Description of On-Board Processing 

One aspect of the present invention is devices J or separating the 

liquid portion of blood from the cellular cqniponents of blood on or as an 

integral part of the test device. The cellular components of blood include 

erythrocytes (red blood cells), leukocytes (white blood cell§)juKi platelets. The 

liquid portion of the blood includes the remainder of the blo.pd and i§ generally 

known as serum if the blood has clotted, forming a clot containing fibrin and the 

blood cells. It is generally known as plasma if it is obtained from unclotted 

-tV: V»": »* in.. v ; '■ ~ ■ - l^r . wi. 

blood. The major ingredient present in plasma but absent in serum is fibrinogen, 

the precursor of fibrin. 

.:>••"':• or* - r:;r u'x - ■.-H ? - u-r'yj*- i::-';J* r ?i " 

In general, such a device comprises: 

(1) a pad of porous material permeable to the liquid portion of 

• • . ,j ■• iAja^l r : .a :/?,,-..• zr >?«rjqi. on vV^ <fj -1; 
20 blood but capable of trapping the cellular components of blood; 

(2) a substrate supporting the pad; and 

-v ■ 'i:* ;r :?.r. i-r^" , i>ercoqi ; j 1, '-"iris? sJl '^.v,.» : ■ :< 

(3) means, attached to the pad, for facilitating the flow of the 

j *. a .y:. ~<:d )C :.i;-~fJj<? Jtif-H £ * ■ *iC * .\*r:-y v i 1 .. .: 

liquid portion of the blood: (i) through interstices around the trapped cellular 

.£?:v.\r~ : & »i3ras."i^"n : -. f ;. r. ' ~. • .. 

components of the blood and (ii) from the pad of porous material 
„ - i-5,rv, if-.,??: •;.,«• r,n J s.". ' -or.r..::\ 

25 In gefieral, a method for separating the Jiquid portion pf blood 

from the cellular components of blood using this device comprises: 

- . • j - :'-v'. cor. Ho t ': T -?noc'.iiO" - ■*" •* r' •" . i- • ^ ! 

(a) ' applying a sample of blood to the pad of porous material of 

* K* * v.? c«. ibv ..■ J: : !^ ' ' ■ T- • ?• r ';;-- c. * 7' ** 
the device; 

(b) allowing the bipod sample to flow through the pad of porous 
30 material to separate the liquid portion of the blood sample from the cellular 

components of the blood sample; and 
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c' (c) .facilitating: the flow of the liquid portion : of the blood through 
the interstices around the trapped cellular components of the blood and from the 
pad of porous material. .. . ' "-- - •'-.v-r J 

Various arrangements and 'Elaborations- of this r device 1 are'within f : 
5 the scope of:.the present invention; as described further below.*. 

The separation of the liquid portion of blood from- the cellular ' :i 
components of the blood occurs by. flow through the pad. without significant ' 
hemolysis.. /. * r.. : ■ . . ~ . 'j 'r . 

Typically,, the. substrate is a solid, substantially planar substrate 
10 Typically,: the. flow througb the pad occurs in a direction substantially parallel to 
or along the. substrate. ' ~ ' >.r.r- 

i 1 The means, attached to the pad;' for facilitating the flow of the 
liquid portion of the blood cari include therein^ membrane for chromatographic 
separation; typically, the membrane has a' capture zone thereon for binding a : 
15 member <tf a specific binding pair. In this arrangement, the device can be used" 
in a method for performing an assay for detecting and/or dkermining at least one 
analyte ih' the liquid portion of 1 a biood sample 1 comprising^ 

.%:.y. (i.) applying a sample -bfblo'od' to the -pad -of porous material of 
the device;' '-' -•' < f: — r ■ °' ; '* ; - • *' ' - ' n i — • - • 

20 (2) allowing the blood sample to flow through the pad bf porous -* 1 

material to separate the liquid* portion of the blockl sample from the cellular 
components of the blood sample;'* ; ~ ■■ -\ v. ,? 

(3) facilitating the : flow r of the liquid ; p6mon of the blood through 1 ' 
the interstices around* the trapped ^cellular components of the blood' as a result of 
25 the action : of the means^iittached to-ihe padr and^ : r * * : : ~ l : 1 :: * v : " 

... (4) allowing the liquid pdrtion of the blood to fld^ 
chromatographic "mediunvso that an'assky ^'fe p^om^ in ttie chromato^aphib ; 
medium,- the assay being-performed by binding a- member 'of a specific binding- 
pair to the capture zone of the chromatographic medium to detect arid/or ~ : : 
30 detenninfe'the! at 'least bhe : ajialyte>'*~ :r . n - n 1 jJ ' v t; *•"•"-' ' l± ' 
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: ; The conditions tftat- are optimal for .the performance of such 
assays, such as the choice of the, member, of the specific binding pair, the use of 
buffers or salts, the time required, and the optimum temperature, are; well known 
in the ^.and, need not be . .; 

5 The porous pad, also referred to as a: sample pad: because the • . , 

sample is typically j applied .tp^k, pan be aiwoyenjor non-woven fabric, paper, 
cellulose* glas§, fiber,- polyester,- other- polymers* or mixtures of these materials to 
retain the cellular components of blood. The porous pad typically has a binder 
for the cellular component^ of blop_d incorporated therein., "r\ 
10 ^ebind^for^ 

lectin or an anti-blood cell antibody. When the binder is an anti-blood cell v,.. 
antibody,, it is. typically an anti-er#^pcyte; antibody. Such antibodies are well 
known Jn the art and need.not be E described further here: Typically, they, are > 
obtained by toe jjgectipn &f red .bloo,d. pells or fractions frgm red blood cells into. 

15 a different species.^If the desired antibody is- anti-human red tripod cell antibody , 
suitable animals for the production of : such, antibodies Jnclude. goats, rabbits.,, 
horses, and sheep. Either pplycior^ or ; < : 

Alternatively, anti-leukpcyte pr f anti-platele^ ( antibodies can be. usedralone or in 
addition to the anti-red blood cell antibody if it is desired to ensure removal *of r-i.. 

20 those cellular pomppnents. , . , m : ». v >]j. 

wt ; r The binder for, ; t^e.ceftpj^ : compp can, be,, . ; ■ . r :i 

noncovalently bound to the sample pad. Alternatively-,; it can.be cQvalently cross- 
linked to .the sample pad; ; techniques ; for^ ^ solid supports 
such as cellulose, paper., and oto^ t^pic^ 

25 in the art and need not be described .further here. ^ The sample, pad, cpntajning r 
antibodies^ar lectins, csLn be jfurther treated ^ith polyester .binders to capture 
cellular, elements,, as de&crijbpd, t -^9^^1Cr.in--y.-S. Patent I^o. 4,j816, 224, to 
Vogel et. al. , incorporated. hereijv by reference: Otrjer types of polymer binders , . 
can also be used. , . ; .^.u. . .. . % \ (r .. : r * . lt ■ . /- 

30 When the binder is a lectin, typically the lectjn is one of. <the. 

following, but is not limited to: concanavalin A, abrin, phytohaemagglutinin, 
limulin, or one of the lectins produced by the following species: Agaricus 
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bisporus, Anguilla anguilla, Arachis ' Hypoga^a 7 Bandeirdea s 
Bauhinia purpurea, Caragdna drborescens, Cicer'arietinum, Codium fragile; 
Datura stramonium, Dolichos biflorus, Eryihrina c6railodendron,Erythrinh ;; ' n 
cristagalli, Euonymus europaeus, Glycine 1 max, Helix : a^efsh; Helik pomhtm, Jy ' 
5 Lathy rus odoratus, Lens culiwris, : Lycdpersicon esculehtum, Matlura pomifera, 
Momprdicd charantia, Mycoplasma L gallise 

kaouthia, Perseau americana/Phaseolus coccineus^Thasedius lirnensis\ 
Phaseolus vulgaris, Phytolacca americana, Pisum sativum, Pseuddmdrids 
aeruginosa, Psophocarpus tetragonolobus, Ptiloia piumosa, Ricinus communis 1 , " 

10 Robinia pseudoacacia, Sambucus nigra, Solanum tuberosum, Sophdra japonicd, 
Tetragonolobus purpureas, Triticum vulgaris, Ulex europaeus, Viciafaba, Vicia 
sativa, Vicia villosa - Vigna radiata, Vtscibn dibtitn, arid Wisteria 'floribunda. 
Lectins are proteins produced by pliants and some animal species that bind 
specifically and non-covalently to sugar groups that are present on the surface 6f 

15 blood cells. ' 1 " ' ^ *\ -r ■ *. . . 

" Preferably, the iecun is capable of binding both erythrocytes and 
leukocytes' and is ! i£bt biood^ltgrbup specific. Many other examples of lectins 
are' known ahd n^ed rtbt be described fhrtlier here. ' 
/v-.," < the^paci of porous 'material* caii alternatively be impregnated with a 

20 carbohydrate capable of aggregating blood cells, such as the carbohydrates 

disclosed 1 in' U:S. K Paterit 'No. 4;678;*757 b^ Rapkin et : al. ,' incorporated herein by 
this 'reference:.* ^These^ carbohydrates ihchide,' but are not necessarily limited to, 
mannitbl, sorbitol/ inositol, £-b-ghicose f ^ a-D-glucose, D(+)xylose, 
D(¥)mannose, : C(^)arabfiioS;e, L<^)arabMctee; D( ^galactose ,'L(-)xylbsd, D- ' ' 

25 glucbhepfose, t-ly^ose; lactose; maltose, aiid sucrose/ A particularly preferred 
carbohydrate is" niannitol; Although applicarits^db not intend "to be bound by this 
theory, these carbohydrates are believed to act by binding nori-coWently to" the 
surface of erythrocytes; making them aclhesive and causing them to clump or '** ' 
aggregate. * : 

30 . A carbohydrate in solution is applied to a permeable matrix such ~ 

as a non-woven fiber (e.g., cellulose, glass, or polyester) in a concentration up to 
20% (w/v) to produce a treated matrix. The solution can be applied by various 
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means such as impregnation, printing, or spraying, to achieve the desired : 
concentration in the n>atrix v The carbohydrate functions as .a holding, clumping; 
or agglutinajd^g ^|ent y^ich pr;efei:entiaHy^separates_ ceils from the ^urroiinding \ 
liquid .whicliJis ;y freeio migrate though the matrix^ u - : 
5 - .T*^ vo !™ e separatedus a function of the absorbent 

capacity, of tbe ^treated^.atrix, the. means, attached to the pad, for facilitating! the 
flow of the liquid portioa of thejriood through interstices, around the -trapped 
cellular components of the,, bipod ^nd from the pad,. and th^ degree and area of 
adherence between the treated ^atrix and the means for facilitating the flow of 
10 the liquid portion of blood. 

■.••■-* ' '* 7 ■ ; : : *'\ *■ 7 7*-' " ' ' -■ • * 

B. . Particular Embodiments of Devices for On-Board Processing 

One embodiment of .a device for qn-bqard processing according to 
the present invention comprises: ^ - -v * '■ , r 

15 (1). a first porous separating matrix penneable to the liquid portion 

of bloocl but capable of .trapping tfie cellular cepppnents of blapd; .and 

. (2) a second porpp rat^ 
porous separating matrix that permits the Ji^ui^.portion of the blood.to flow-by 
capillary action or chromatographic sejaratiop ..t)jrpjugfr the second, porous matrix 
20 without significant hemolysis. : , . ^ 

. ,. ? .: v .„ f % J 1 ^ 5^?^ ^ jmbo f^f c Fl. e 5: t * ^ J?? 1 ^ 5 ^ 011 ^^?^!^ m^£ comppses^the : . 
meai^^att^chpd to the pad^ for facUitating . 
blood through interstices v ^"ound ^ the ^pped cellular compoiients of the, blood and 
from tlie pad of. porous material. The second porous njatrix,.can,be a membrane - 
25 such as a memb^e^su^^ Typical materials ... 

for such.ijiembranes include, but are not limited to, qitrocellulose, cellulose, .. 
other, cellulpse dew 

polysulfones. A generally preferred material for such membranes is 
nitrocellulose. The chromatographic medium can be pretreated or modified as _ r 
30 needed. 
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... This second porous matrix can have captiire zones thereon for 

binding members of a specific bihding pair , ; such as antigens, haptens, or 7 
antibodies. For example, the second porous matrix can have, immobilized in 
the capture zone, -a first antibody for Bihding analyte, which is then detected by 
5 means- of a' labeled sefcphd antibody in a sandwich reaction: Alternatively, the 
second porous matrix can have an antigen immobilized in the capture zone 'for ' ' 
binding - of ah antibody . More^ than' one capture zone can be present on die same 
second porous matrix; if more than* one capture zone 4 is present, they can have 
the same or different members of a specific binding pair bound'theretb. If more 

10 than one capture zone is present, one capture zone can tie used as a control' to 
ensure that the assay has been performed properly. Many arrangements are well 
known in the art and heed not be recited further. The second porous matrix can 
therefore comprise a chromatographic assay element, which can be used for the 
performance of an immunochxomatographic assay. ' When the second porous 

15 matrix is a chromatographic asSay element, the device is" capable of performing 
on-board separation of the cellular components of the blood from the liquid 
portion of the blood arid an assay for ah analyte in tfie liquid portion of the blood 
in a unitary device. The assay can be Carried out by applying the Blood sample 
to the 1 first separittiiig' matrix and subsequeridy reading the result. 

20 TypicaHy , ^ chromatographic 

competitive immunoassay or a sandwich immunoassay, as these formats are 
generally khbwh l iii the irtr ; " J ? ' * 1 tc " u '' ? K 



The labeled component bound to the chromatographic medium, in 
the case of a sandwich' ^ immunoassay ^is typFcally r a- labeled antibody to the 

25 analyte. If the analyte "is itself ah antibody, 'such as in the case of an assay for 
the detection oT antibody in" human serum to the* bacterium Helicobacter py lori^ 
suspected of being the causative agent of stomach ulcers,' -the labeled component 
can be a second aritibody that biiids the first antibody on the basis of species, 
class, "or^subciass specificity.** Class*^ specificity is i also known as isotype 

30 specificity, such as IgG, IgM; IgA, 1 IgD, arid IgE for hufnan antibodies. ' " 

Subclass specificity refers to antigenic : differences within classes, such as IgGl, 
IgG2, IgG3, and IgG4, which are subclasses of IgG. It is highly preferred that 
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the labeled specific binding, partner used foe detection of an antibody analyte 
binds to the constant region of the .antibody analyte, in order to prevent - f . 
interference. _ ^ , 5 , ,,. v : - . , ■ 4 . , ; f 

. , % In some applications^, i^ is desirable to emplo^rindirect labeling. . 

5 For example, ip testing for Giardia antigen, an IgM antibody cp.be used that . 
may be difficult , to. label directly. In that case, a secondary specific binding . 
partner specific for r the mobile first specific binding partner can be labeled, f . 
Typically,, the labeled, sepondjiry specific binding partner binds to the antibody 
that is t|ie first specific bindmg .partner on. the ^asis of species ..-.classv, qr subclass 

10 specificity. T^c first specific binding. partner has specific binding affinity for the 
aj&alyte. As an alternative to the usp of a secondary specific binding partner, the 
first specific binding partner can ^conjugated to M biotin and an ayidin~£onjugated 

label can be used. , _ . 

When a competitive immunoassay is perfpnned, the label is 

15 typically an analyte or analyte analog. However, other labeling: schemes are 

known in the art; in some of these labeling scherpes, the label ^s, a labeled ... } 
antibody, to the analyte or a secondary specific binding r paropr. In some pases,, 
anti-idiotypic antibodies can be used for competitive immunoassay^. 

An additional element or elements can be Jntprpp^d between tft^. „ 

20 first porous separating matrix and the ^ ^econd.porp^is. iQa^x..j These elements, 
which are typically^ conducting, can act^as a krid§£ between the. firs^o.rous, 
separating matrix and the second porous matrix, i.e, the } cj^ojaiatographic assay . . , 
element. . ^ ^ ^ , ^ ^ _ ,'«.<..; 

Optionally lt and preferably, the seppnd.pprpus^atrix is fixedjy . 

25 attached to a solid support that is impermeable. The seqoqd porous matrix can : 
be laminated to the support, or cast Qnto> it. The solid .support can be made of , .,, 

materials such as plastic or laminated cardboard. 

-Z . ') i ri~ .cur-l'j :\z>t t .r. " /O :."*•:£ *r"* *• u f 

Such a device is. shown in Figure . 1. The device 10 includes a first 
porous separating matrix 12, a second porous matrix 14 in r operable contact with . 

30 the first porous separating matrix .12, and a.solid supported. The first porous 

*.,"0\*--j"- ... : ;r ! 1 zz -iv . i - - Vi . /* l ^ ,.».!;..' « i" . z r Z) *■ /;? 

separating matrix 12 has a first surface 18 and a second surface 20. The second 
porous matrix 14 can be a chromatographic apay element. 
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In use, a" blood'' sample 22 is added to the first surface 18 of the 
first :porous separating matrix 12, and the liquid portion of the bl6od sample 22 
migrates into the second porou^ matrix 14 as a result of the contact between the 
second surface 20 of the firet porous 'separating matrix 12 and the second porous 
5 matrix 14 after the : cellular elements are trapped within "the first porous " " ' J 
separating matrix 12. A chromatographic? assay can be performed 'within the 
second porous matrix" 14. : ' 1 " ! 

Figure 2' shows the' 1 device of Figure 1 after the liquid portibn of 
the blobdsampie has migrated into the second porous matrix 14. The cross- 

10 hatched regions in Figure 2 represent nhe r areaS 6f liquid flow through the first 
porous matrix 12 and the second porous matrix 14. 

J 1 ' In an alternative version of this embodiment, the first separating 
matrix can fee anuhtreated asymmetric riiembrane.* The untreated asymmetric 
membrane c is constructed in' such a Way that it has a decreasing gradient of pore 

15 size within the membrane. The asymmetric membrane has a first surface and a 
second surface; the blood sample is applied - to tiie first surface." The pore size 
decreases from the first surface to' the secorid siif ace. The asymmetric 
merribrane is capable of trapping the Cellular components of blood within it and 
allowing the liquid components of blood to pass through. The first separating 

20 matrix permits the liquid portion of the blood to flow through on contact with the 
second matrix, as described ahove; 1 ' * ' *" 

This device is also depicted by the drawings of Figures 1 and^, 
with the 'first surface 18 and siecbhci surface 20 bf the Symmetric membrane as 
the first porous separation matrix 12. Blood flow is from the first surface 18 to 

25 the second surface 20 of the as^ 

Asymmetric membranes suitable for' use in bn-board separating 
devices according to the present invention can be prepared from combinations of 
hydrophobic and hydrbpriilic: pdiyiners, such as ciisclosed in U.Si Paitent No. 
5,240,862 to Koenhen et & and U;sY'Prt£itf No. 5/076^5 to Roesink et aT. 

30 The hydrophobic poiyrrfer can be polysulfone, polyether sulfone, polyimide, or 
poiyetherimide, and the' hydro^hiic polymer can be polyvinyl pyrrolidine,'^ 
polyacirylic acid; pblyvinyl alcohol," polyvinyl acetate, or polyethylene glycol. 
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In yet another alternative version of this embodiment, the first 
matrix can be constructed in such a . way that only a paction of .the pad is capable 
of finding the cellular components of bipod. .In otoer^ords^the-pad can £>e 
divided into .t^o. sectors, .a first secjtO£tha,t pennits-flow but is^not capable i of , : . 
5 binding the cellular components, of ^lppd and a.second sector that is capableiof; r 
binding the cellular components of blood. . Thp second sector can-contain. 
antibodies, lectins, or carbohydrates as described above. .The first sector ;.. 
typically contains reagents for pretreatjnent of .the- blood sample that can be 
premixed into r the blood sample wheij the blood raigratejs through the first sector., 

1° ... Thi? alternative, vej-sioa of the device, is depicted in Figure 3. The 

device 40 has a first separating matpx ^2 with a first surface 44 and a second 
surface 46, with two sectors, a first sector 48 that is not capable of binding the 
cellular components of blood and a second sector 5Q that is capable of binding 
the cellular components of blood. The device a^so has. a second porous, piatrix; . 

15 52 and a solid support 54. . . . 

In use, a blood^ample ^6 ^.is^d^^o.the fim.siirface f£4,pf the, 
first separating matrix 42, and it mig^tes frp^n dip first £ s£ctor 48 ,ta the second;., . 
sector 50, typically ^remixing the reagents jpjes^nt in qie first sector 48 into the/ ;, 
blood sample 56 for pretreatment of the blood , sample /The ^iquid portion of v 

20 the bipod sample 56 then rcugrates to the, second porous ^ratrjx 52 from. the . . ; 
second sector 50; a chromatographic assay can be pstfoimedin the second 
porous matrix 52. 

. In still another alte^ three. , 

elements are used: . 

25 (1) a first porous separating matrix permeable to the .liquid portion 

of blood but capable of trapping ti^e .cellular components of , blood; 

* . / : , i .p) a s?? 01 ^ P9£Ous separating matrix in operable contact, .with the 
first porous separating matrix permeable to the liquid portion of blood but 
capable of trapping the. cellular components of blood; and , 

30 . (3^) a third porous matrix in operable, contact with the . second . ,- >! 

porous separating matrix that permits the liquid portion of. the blood to flow by v 
capillary action or chromatographic separation .through the second porous matrix. 
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•-L-: ' - The Reparation of the liquid portion of the blooid from the cellular 
components of the blood occurs by flow through the first and second porous * 
separating matrices without significant hemolysis! 

In this alternative version, the third matrix* comprises the 'means* ~ 
5 for facilitating the flow of the liquid portion of the blood: (i) through interstices" 
around the trapped cellular components of the blood and (ii) from the second 
matrix. The third matrix can include a chromatographic assay element. 

Optionally, and preferably, the third matrix is fixedly attached to a 
solid support that is impermeable, as described above. 
10 ' " ' -The firsi and second matrices" can be alike or different; they can ' 

comprise any of the alternatives described 1 kbove infection 1(B), including 
matrices containing a binder for the ceUular components of blood such as a lectin 
or an anti-blood cell antibody, matrices' containing a carbohydrate capable of 1 
aggregating blood cells, and matrices containing an asymmetric membrane to* trap 
15 blood cells/ Matrices with twb sectors can be used. ' : ! * 

. \p or this alternative of the device, a method for separating the 
liquid '-portion- of- blood' from the cellular components of blood can compose' the 
steps of: ■ • ' 

: (l)"' applying a sample of blood to the first porous separating 

20 matrix 'of 'the device;' s " L ' "' s 

— - \2) allowing the b'to6d 4 sample to flow through the first porous 
separating matrix and the second porous separating matrix to separate the liquid 
portion l of ^e tilbtid sample from the cellular cbmpdnents of the blood sampie; 
and ' V - ' " v ^ - - > "'-V- "" - — ' 4 ^ ' 

25 * : (3) 'facilitating the flow dif t&e liquiS portion of the blood through 

the interstices around the trapped cellular components of the blodd as a result of 

the action Of the third matrix. 

When the third matrix includes a membrane for chromatographic 

separation with a capture zone, a method for" performing "ain assay for detecting 
30 and/or determining at leaist one ahalyte'in' the liquid portion of a blood sample 

can comprise the steps of: 
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. . . , Q). : a PPJ vi 5g a.samptle of blood^to thefirst porous separating 

matrix of the device; , 

, v. . : ... t. . ■ -i - ► * ■. • 

(2) allowing the blood sample to flow through tfeejlrst a nd ; seco nd 
porous separating matrices to separate the liquid portion of the blood sample 
5 from, the cellular components of the bipod sample;. .. « ; . 

. ■ S*) t facilitating the flow. of the liquid.portion of the^blppd through.;, 
the interstices around the trapped cellijlar.coniponents of the blood as a result pf- : 
the action of the third matrix and; 

(4) allowing the liquid portion. of the blood to flow, through the,* 
10 third matrix so that an assay is performed; in ; the second matrix, the assay being 
performed by binding a member of a specific binding pair to the capture zone of r 
the third matrix to detect and/or determine the at^east one.analyte. 

, This alternative version of the device, is shown in Figure 4. The 
device 60 has a first matrix 62, a second matrix 64, a third ^natrix.66, and a 

15 solid support 68. A blood sample 70, applied to thefirst matrix 62, flows , , 

through the first matrix 62 and the second matrix ,64; the liquid, portion of the 
blood sample then migrates into the third matrix 66.. f A .chromatography , assay , 
can be performed in the third matrix 66. . 

In yet another alternative version of this ernbpdiment, the device 
can include multiple second porous matrices, each second porous matri* be^ng in .. 
operable contact with the first porous separating matrix. ^ Each second porous 
matrix can comprise a chromatographic assay element, ^ with a capture, zpne, as 
described above. When the se . c pnd porous matrices include clurojpatographic 
assay elements with capture zones, a method for performing an assay for 
detecting ^and/or .determining at least, one analyte in the liquid rj.Qrtion of a blood 
sample can comprise the steps of: 

(1) applying a sample of blood to the first porous, separating 

matrix of the device; 

wj/r j"*v . ':,/ A -: •.■»'* * *. " :*<*. ' •** • * 

(2) allowing the blood sample to flow through the first porous 
separating matrix to separate the liquid portion of the blood sample from the 
cellular components of the blood sample; 
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*>;. i . v -facilitating the flow of the liquid portion of the blood through 

the interstices around the trapped cellular components of the blood 1 as a result of 
the action of the second 'matrices; and 

(4) allowing the liquid^orfion of the blood to flow through the* 
5 second- matrices so 'that an assay is performed in at least one of the second 
matrices, the assay being performed by binding a member of a specific binding 
pair to the capture zone of at least ohe'of the 'second matrices to detect and/or 
determine the at' least one analyte. ' " 

■ In one arrangement, depicted in Figure 5, the device includes two 
10 second porous matrices, one in operable contact with each end of the first porous 

....... .... ' ... , <i.V ' . • - • •• ■•■ -J 

matrix. In this arrangement, the blood is applied near the center of the first 

... r . . ' • • : -o 

porous matrix, and migrates' outward to the ends. Alternatively, three or mote 

second porous matrices can be used; each in "operable contact with the first 

porous matrix. The second porous matrices cafi be arranged circumfereniially 

15 around the first porous iriatrix, like the spokes of a wheel. In this alternative, 1 
the first porous matrix can be any of the first porous matrices described above, 
including thb tatteated ! asymmetric memtirahe^- 41 "'' 

In Figure 5, the device 80' comprises a first porous separation 
matrix 82\* with a first surface 84 and a second surface 86 arid first and second 

20 ends 88 and 90, 4 aiid iwd second matrices 92 and 94, as well as a solid support 
96. The* two second matrices 92 huxf§4 aire in contact with the ends 88 and 90 
of the first porous separation matrix 82. A bldod sample 98 is added to the fifst 
surface 84 of th£ firsf porous separation matrix 82 and migrates ttaough the first 
por6us separation matrix 82, wiih tlie liquid portions of the blood sample 

25 migrating into the two second matrices 92 and 94. : 

C. Two-Component Assay Devices 

Another embodiment of the present invention is a two-cbmporierit 5 
device incdrporating~the first and second matrices. Such a device, in general, 
30 comprises: ' """ " ~ *'* "' ' -: r - : 

(1) a first opposable component Including: 

" (a) a first porous separating matrix as described above;" and 
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. (b) a second porous matrix in operable contact with the 
first porous separating matrix as described above; ami. . t /. 

(2) a second opposable component attachable., to the first 
opposable component. such that the first and second, opposable, components xan be 
5 brought into opposition to transfer fluid from one of the. opposable components to 

the other by pressure. 

A large number of embodiments exist .using two opposable, : 
components. Several alternatives are depicted belojv in Figures 6 and 7. These 
alternatives are exemplary and not exclusive; a large number.of forms of the 
10 assay device exist, and have been described, for example in copending; U.S. , .. : 
Patent Application Serial No. 08/040,430 incorporated herein by this reference. 

For example, the second opposable component can include, a 
sample preparation zone, which can then include at least one reagent for 
treatment of the sample. This reagent can be used for treatment-of the sample 
15 before the separation of the liquid portion of the blood from the cellular 
components of the blood. 

Alternatively, the sample preparation zone can include a, specific . 
binding partner labeled with a detectable label. The specific bmding partner can 
have specific binding affinity for at least one component selected frorn the 
20 analyte and a specific binding partner for the analyte in a form that can be . 
resolubilized by the addition of an aqueous sample to the sample preparation 
zone. In other words, the labeled specific binding partner can be applied jto the 
sample preparation zone in liquid form and dried down in sucji a way that^it will 
be redissolved. Typically, when the device is used for a sandwich immunoassay, 
25 the specific binding partner labeled with the detectable label has. specific binding 
affinity for the analyte. 

Alternatively, the first opposable component can further .include a 
sample preparation zone, which can include a specific binding partner labeled 
with a detectable label in resolubilizable form. As indicated below, in. this case, . 
30 the sample preparation zone on the first opposable component would be contacted 
by an element on the second opposable component when the first and second 
opposable components are brought into opposition. This will result in the 
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transfer of the sample; the -sample arid the resoliibilized labeled specific binding ' 
partner are then' applied- to the porous pad. 1 ' •* " .. f ...... . 

• • ^termtively , m 
on the opposite^ component from- the chromatographic medium. An example of 
5 this^arrangement is- shown below in Figure 6. " * 
,r ' ! - A method for performing ah assay for detecting arid/or 
determining at least one analyte in the liquid portion of a blood sample' can 
comprise the steps of: L 

(1) applying a sample of blood to the first porous separating 
10 matrix on the first- opposable component of the two-component assay device; 

(2) allowing the blood sample to flow through the first porous 
separating matrix to separate ; the liquid portion of the blood sample from the 
cellular components of the blood sample; 

• • (3) facilitating the flow of the liquid portion of the blood through 
15 the interstices around the trapped cfellular components of the blood as a result of 
the action of the second matrix; * " : ' y *' 

: - - ■ - (4) bringing the first arid second opposable components into 
opposition to transfer fluid from die of the opposable components to the other by 
pressure; and ' • •" * : J " ' «'•-*-■•• • 
20 " " (5) 'ali&Wi£g : the r liquid portion of the blood to flow through the 

second matrix so that an assay is peiTorm the assay being 

performed by binding a member of a specific binding pair to the capture zone of 
the second matrix to detect and/of detenriihe the at least one analyte 
Sevefitf exaihpre's^^ 

25 ' l ' One geinefal arrahgemeht'is shown in ffgure 6. The assay device 

200 has a first opposable component 202 aiid a second opposable component 204 ! 
The first opposable component 202 includes a porous pad 206 for application of * 
the sample. The second bpposabfe component 204 contains a chromatographic 
medium 208. The means for withdrawing a liquid portion of blood from the 

30 porous material is formed by the overlap between trie porous pad 206 and the 
chromatographic medium 208 when the first arid second opposable components 
202 and 204 . are brought into opposition! Tie chromatographic medium 2Q& can 
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include a defection zone 21,0 and a control zone ,212. Jh^- first ppposable 
component 202 and the second opposable component 204 are joined by a hinge 
214. chrony tograpbic medium 20g. is . supported in ajvdl 21& The first 
opppsa^le comppnent 202. can include^ , r r . 

5 chromatographic medium 208, including .the:,^re^ Qf ,the detection zope* 2rlfrand , 
the control zone 212. The first -and second opposable components 202 and 204 
can be held together by engagers, such as ^ose formed by a Reveled edge 220 on 
the first opposable component 202 and an undercut edge 222 on the second : 
opposable component 204. Other types of engagers can also be used. The 
10 device can be accessed through a notc£ 224 formed in the second opposable 
component 204. , M . . ■ • _ ( . . • ' , . . . . . £ 

. Another embodiment of an assay device according- to the .present , 
invention comprises a device capable of carrying out bidirectional . - 
chromatography. This embodiment is shown in Figure 7. The assay device.;3Q0r 
15 has a first opposable component 302 and a second opposable component .304;;, y 
The first opposable component 302 includes an absorber 306, ; which can be an .:•=.... 
absorbent pad, and an applicator ^308. The second oppqsabje component 304 has 
a chroimtographic medium 3 10. having a. first end 312 ; and a seponcl, end. 314,v v -.> 
with a detection zone 316 and a control zone, 318. The second opposable . 
20 component 304 al?o has a conductor 320 in operable contact ^ith the second end 
314 of the ^ 

application of a reagent in the applicator 308 to ^e clu-omatographic medium 3.10. m .. 
when the first and second opposable components 302 and 3,04 are brought into 
opposition. The second opposable component 304. also has a pad of porous 

25 material 322 permeable to the. liquid portion of blood but capable of binding the 
cellular components of blood as described abpve^ The pad of porous material. rr 
322 is in operable contact with the first end 312 of the chrpmatpgraphic: medium , 
310; t^s 9j)erable contact forms the. means for withdrawing the liquid portion of 
blood from the pad of porous material, 322. The first and second opposable 

30 components 302 and 304 are joined by a hinge 324. The chromatographic 

medium 310 and pad of porous material 322 are supported in a well 326;. The 
first opposable component 302 can include a window 32? for viewing of the - 



20 



25 
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chromatographic medium '310, including the area of the detection zone 316 and 
the control zone 318. The first and second opposable components 302,and 304 
can be Jield together by engagers, such as those formed by a beveled edge 330 on 
the first opposable component 302 and an undercut edge 332 on the second 
5 opposable component 304. Other types of engagers can also be used! The 
device can be accessed through a notch 334 formed in the second opposable 
component 304. 

In use, a blood sample is applied to the porous pad 322 for 
separating the cellular components of blood. The liquid portion of the blood 
10 sample then migrates through the chromatographic medium 310; at that point, the 
first and' second opposable components 302 and 304 are brought into opposition, 
and a reagent in the applicator 308 is applied to the chromatographic medium 
310 and migrates through the chromatographic medium 310 in the opposite 
direction from the flow of the liquid portion of the blood sample through the 
15 chromatographic medium 3 10, thus reversing the flow. The reversal of flow is 
driven by the absorber 306. . ■ >: < 

This embodiment is particularly suitable for the performance of 
serological assays to detect antibodies in blood samples. For example/ if the 
analyte to be detected" is human antibody to the bacterium Helicobacter pylori, ' 
believed to be the cause of stomach ulcers, a blood sample suspected of 
containing the antibody can be applied to the porous pad 322 to separate the^ 
cellular components of the blood sample from the liquid portion of the blood 
sample. , The liquid portion of the blood sample then migrates from the porous 



pad 322 to the chromatographic medium 310. The detection zone ,3,1 6 can 



contain immobilized H. pylori antigen, so that any antibody specific for H. pylori . 
antigen binds at the detection zone. The applicator 308 then contains a labeled 
antibody that binds human immunoglobulin G antibody, such as a gold-labeled. ; 
goat anti-human immunoglobulin G antibody, in resolubilizable form. The ;| 
contents of the applicator 308 are resolubilized by the addition of an aqueous 
30 liquid to the applicator 308. When the first and second opposable components 
302 and 304 are brought into opposition, the applicator 308 is brought into 
contact with the chromatographic medium 310 to apply the labeled anti-human 
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IgG antibody to the chromatographic medium 310. The absorber 306 then causes 
the labeled anti-human IgG antibody to migrate through the chromatographic 
medium 310 in a direction opposite 'to the flow of the liquid portion of the blood 
sample through the chromatographic medium 310.. Any anti-H. pylori antibody 
5 bound at' the detection zone 316 then becomes labeled. If gold-labeled antibody 
is used, the presence of anti-i?. pylori antibody can be detected visually. The 
reverse flow, driven by the absorber 306, acts as a wash to remove other 
antibody present in the sample that is not specific for H. pylori antigen and is not 
bound at the detection zone 316 but would otherwise react with the, labeled. anti- 
10 human IgG antibody and give a background. The use. of bidirectional flow . 
therefore reduces the background and increases the sensitivity and reliability of 
the test. 

These arrangements are exemplary and are not exhaustive; other . . 
arrangements of both unidirectionai and bidirectional assay devices according to 
15 the present invention incorporating the porous pad for binding the cellular 

components of blood are also within the scope of the present invention. These 

V •• ~c . '• i ' - ' 

arrangements can include a number of elements. 

For example, in a number of devices according to the present 

invention, absorbers 'are in operable contact with one end of the chromatographic 

• ■ . . s - r . . -j'ti't. t.i\> V / 

20 medium", typically the end opposite from the end with which contact is made with 

the pad of porous material.' The absorbers can be made of any bibulous material 

-^ -■ , -« c ■» ;v ~< .7 - *■■ ^ - * " '" t: '—' 

that will hold a liquid sufficiently so liquid can be drawn through the 

chromatographic medium and^acbumulated in the absorber. Typical materials for 

the absorbers include, but are not limited to, filter paper. 

25 " l Additionally, the devices can include one or more conductors. 

Conductors can serve as a bridge between the pad of porous material and the 

chromatographic medium wherefore constituting the means for withdrawing the \ 

liquid portion of blood from the porous material. These conductors are prepared 

of hydrophilic media that 'pass liquids without substantially absorbing them. 

. v ■ I c„> ; '/,•■ *r. ' r. r. ". J : ' ' 1 

30 Such materials are well-known in the art. Cellulose and cellulose derivatives can 

be used. 
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1 In devices according to the present invention that employ " 
opposable components, the bodies of- the : opposable components are preferably 
made of laminated cardboard that is sufficiently impervious to mbiSture. to 
cohtain the liquids involved in the performance of the assay caMed but by the : 
5 device. Other cellulose-based materials, such as paperboard or solid bleached 
sulfite (SBS)"caii-also be used. 1 Alternatively, the bodies of the opposable 
components can be made of ptetic that is impervious to moisture. A suitable 
plastic is a polycarbonate plastic such as Lexah™- 

The opposable components are joined' by a hih£e, preferably made ' 
10 of a material impermeable to liquids, such : ats a plastic that can be ■ compatibly ' : L 
joined with or is the same as a material -used for the first "arid second opposable 
components."' '•' r.. ".v- :.:r, ■ ; : w.r x '\ 

- A Version particularly adapted for" the performance 6f bidirectional 
assays can comprise:- " v..-* / 3: ; 

15 - £? '-(l) a first opposable componentiricluding: 

' "v ' - 1 T (a) a. first porous separating matrix permeable to the liquid 

portion of blood but capable "of /trapping the cellular" components of blood; and 

-\ : » : -T(b) aseeond' porous matrix includiiig a membrane for 
chromatographic separa^ With the : fiirst porous separating 
20 matrix that penhitsthe liquid ' portion ' of the blood " to flow iii a first direction by " 
capillaty action or chromatographic separation througfi the second porous matrix; 
and '■' 4 .'; ,t - - yr- ;r.**.v .-.;•<■■.•,■ t * r\z\\\:\ 

t2) a second : 6pjposable component attachable to the first opposable 
component such that the ffrSt 'ahd secbrid opposable component ciii be brought 

25 into- opposition to transfer a* reagent" from ^ component to the u 

first opposable component by pressure so bringing the 'fifst knd seborid opposable 
components into opposition causes the reagent transferred from the second 
opposable component to the first opposable component to migrate-through the 
second porous matrix in a second direction opposite to the first direction. 

30 - Typically, in this version, 'the memiiraie for chromatographic ^' 

separation includes 1 therein a capture ? zone 'for binding *an analyte'arid the reagent '* * 
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transferred from, the second^ opposable component to thg firsj$, opposable 
component is a labeled specific binding. partner for. ths analyte* H . n 

, r A method for peifoniLing.anj^say^or ^ d^tectin^g : .and/qr : . j 
de^pnimng, at least one analyte in die liquid portion, of a blood sample using this 
5 version can comprise the steps of: «^ J; ,. _ ;/ :: *^Zj' ' ■ . . 3 

_ (1) . applying a sample of r blood to the first porous separating t j-. 
matrix on the first opposable compppent pf tfje device; t , ... . a, . .. ^ 

(2) allowing the blood sample tPiflow.throught the fijst porous: 
separating matrix ta ^fparate the liquid portjQp of the blood sampleTfrom the 
10 cellular components of tb£. blood sample; ....n 

: (3) allowing the. lajquijd portion of the ; blood, sample to flow: . ; io- 
. through the membrane for chromatographic separation in the first direction; * > 
. f , . . (4) bringing the . first and second opposable, cpmponents into 
opposition to transfer the labeled specific finding partner for the : analyte from the 
15 second opposable component to J^e fijst : , opposable component 

; . .(5) allowing, the Jabele^,. specific bidding-partner for the analyte to 
flo w through the , merribrane. for , cl^omat<3gr?ighic separatiqi^in, t&e/ second r% - t 
direction so that an assay is performed, in |th£ second mat^pc^the assay being 
performed by binding the labeled specffic-hindipg partneE r tg ^capture; zone ; of . ;•, 
20 the second, matrix to detect an<^or : detpn^^ ; .the v at Jeasjtjone analyte, : , ;; 

. ,r r The, description.^ ^ f 
that perform one assay at a time. However, assay devices according to the 
present, ipventipn can also teco^tm^^ multiple assays at the 

same.thjie. T^e 3 ps^s ; capie.jp^rfio^ed for the same ^nalyte pr different . . 
25 analyt^s,. .jn^^Q^^s ^f^i^Qjytf ipultipde.blop^ samples to a single device , 
wi^^pfjrfp^^pe pf ^tipje^s^?.. ... _ , ..... .... ..... 

E. DEVICES AND METHODS -FOR OFF-BO AJRD PROCESSING 

Another . aspect Pfthe. present invention ,is, a method for separating 
30 the liquid ppmon of blood from 

addition of a binder for. the cellular components of bipod to a sample of whole f .. 
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blood before ttie mixture is applied to a device for separating the liquid portion 
of blood from thexellulaf components of blood. 

One such method comprises: 
* : (t^adding a crbss-linkirig substance for the cellular components of 
5 blood to a sample of whole blood, 'the cross-linking substance being selected 
from the group consisting xrf a tectih, an anti-blood cell antibody , and a 
carbohydrate capable 1 of aggregating blood cells; 

(2) mixing the cross-linking substance and the blood sample to 
form a mixture of the cross-linking substance and the blood sample, or allowing 

10 time for' mixing to occur; r- ' 

(3) applying the mixture of the biWs-linking substance and the 
blood sample'to r a device for separating the liquid portion of blood from the 
cellular components of blood, the device comprising: 

(a) a pad of porous material permeable to the liquid portion 
15 of blood but Capable of trapping the cellular components of blood aggregated by 

the 'reaction between the cross-linking substance and the blood^ample; 

(b) a substrate supporting the pad; and 

(c) means, attached to the pad, for facilitating the flow of 
the liquid pohlon of thie blood: (i) through interstices around the trapped cellular 

20 components of the blobd and (it) from the pad of porous material; and 

(4) allowing the liquid portion of the blood to flow through the 
pad to separate the liquid portion of the blood from the cellular components of 



the" blood. 



The separation of the liquid portion of blood from the cellular . r , 
25 components of the blood bound to the binder occurs by flow through the pad 
without significant hemolysis. This method differs from the : methods described;;* 
above ih that "the pad of porous material need not contain a cross-linking 

substance such as an antibody or a lectin; rather the pad acts as a filter to remove 

• - : . r ■ , I'. ,- c ^tlx ?. .: ' . v.. .: ! ./..\ 

cellular components of blood aggregated by previous binding to the cross-linking %a 

30 substance, with the binding occurring before the sample is applied to the pad. 
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Preferably, an anticoagulant is added with the crpss-Iihkine 
substance. A typical anticoagulant is EDTA or heparin, although other 
anticoagulants are known in the art. 

Preferably, a concentration of cross-linking .substance is used that 

* , . > m j v- '<.i:r> :t*.. - t*»'- *s 

5 is sufficient to cross-link substantially all cellular ejemente of .blood. 

the device for separating the liquid portipn of blood from.the 
cellular components of blood can be any of, the alternatives- described above in 
Section I, with the difference that the pad of porous majterial acts as a filter for 
removing already agglutinated or aggregated cellular components of blood instead 
10 of providing means for agglutination or aggregation of the cellular components, , 
The separated liquid portion of the blood can then be assayed for 
an analyte as described above, typically by an inununochromatographic.., ..■ , 0 
procedure. If the device used for separating the liquid portions .of bipod from : 
the cellular components of blood includes a chromatographic medium, as 
15 described above, the assay can be performed in Ijhe device; this ( : is. generally r " 
preferred. Otherwise, the separated liquid portion of the blood can be town off ■-. ' 
for an assay on another device/ These assays can be performed on assay devices- 4 
such as those disclosed in copending" U.S. Patent Application Serial No 
08/040,430 by Howard M. Chandler et al. , entitled "Opppsable-Element f 

Chromatographic Assay Device', " incorporated herein by reference. These 

■•— .Jill Ti /;»"■': •-•roi : * .' 1; i-.*':-- 

devices include both unidirectional and bidirectional assay devices 
, - .-. ... , - - ::: -.;•*.].) -r tn,.nv f ' ^ /•!..<< 

Alternauvely, instead of adding the cross-linking .substance to a 

sample of whole blooci, a sample of blood can be added to a capillary tube coated 

with a cross-linking substance, with or without an anticoagulant. The cross- 

linking substance and anticoagulant, if present, are then allowed to dissolve in, 

the blood sample: The blood sample with the cross-linking substance and 

anticoagulant 'dissolved therein is then applied to the device for separating the y- 

liquid portion of blood from^e cellular components of blood as described x. 

above. Agiain, the device acts as a filter for the agglutinated pr aggregated blood 

30 cells-. 4 An assay can be performed as described above. 
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This alternative is shown generally in' Figure 8; The blood sample - 
400 is added to the capillary tube 402 ,and, after mixing, the capillary tube is ■ ■•' 
applied to the separation deyice 404. • f; ' ^ • • : * 

5 . ADVANTAGES OF THE INVENTION - * r.ii.---- 

The present invention: provides a rapid, efficient, and simple - 
means of sep^ating-blood : , cells from the liquid portion of blood for the 1 
performance , of .specific binding assay.such as immunoassays as well as other 
tests. In particular, the present invention provides an integrated device that 

10 incorporates, both an assay element and , means for separating the liquid portions 
of blood from the cellular components of blood so that ari-ahalyte present in the 
liquid portions of blood can be assayed readily. This avoids the necessity of a - " 
preliminary extraction of serum or plasma^from blood with the intended Necessity : 
of safe disposal of the blood fractions. The use of' an assay device according to 

15 the present invention allows for convenient' and safe disposal of used test devices. 
Additionally; :the. improved device is capable of direct assay of a desired analyte 
when a whole blood sample is applied to the device. 

Assay devices according to the present invention can perform a 
broad range of immunoassays, including both sandwich and competitive 

20 . immunoassays. In particular, assay devices according to the present invention 
are suitable for the detection and/or determination of both antigens and 
antibodies. 

Although the present invention has been described with 
considerable detail, with reference to certain preferred variations thereof, other 

25 versions and embodiments are possible. These versions include other 

arrangements of two-component devices that operate by the basic principles 
described herein. These versions include assay devices adapted for competitive 
immunoassays as well as sandwich immunoassays in various arrangements. In 
particular, devices according to the present invention can be adapted to make use 

30 of radial or circumferential flow through a chromatographic medium rather than 
linear flow. Devices according to the present invention can also be adapted to 
perform multiple assays simultaneously, with multiple second porous matrices, 
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arraqged circularly or like the spokes of .a wheel ; or in other arrangements. 
Although devices according to. the present invention afe particul&ly'&dapted for 
the separation of the liquid portion of blood from thee cellular components/ of - r 
blood and the performance of assays on the liquid portion of blood, devices 
5 according to the present invention can; als&be.usMfor the reihoval of blood cells 
from other .body fluids . that m^y .contain diem, such' as Cerebrospinal -fluid, and 
for assays on such fluids afteF theremaval, of blood cells frofr' them: Devices 
according^; the preset .invention can also be adapted to perform other'assays, ' 
such as enzyme assays and cpjoripaetric; assays. ' rt'-r i ' ':i 

10 ; The, present invention further encompasses variations in which the . • 

two components of the ^vice : are } inoxheld in a permanently fixed arrangement, 
but can be separated and brought together to perform the assay psucli as by 
electrical or.magnetic forces or by .using a separable fastener such as a ftook-and- '~ 
eye fabric,, for example Velcro™. Additionally, the present invention can also * i •■ 

15 encompass .devipes.. having three, .components;, in a folding, arrangement.^ • v* 
Therefore,, the scope .of the invention is determined ^by the.following claims, -* -\ 
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We claim: . 

. 1. „.A device f or.separating . the liquid -portion of blood from the 
cellular components of blood comprising: ... - 

5 (a) a pad of porous material permeable to the liquid portion of. 

blood but capable of trapping the cellular components of blood; 

(b) a substrate supporting the pad; and 

(c) means, attached to the pad, for facilitating. the flow of the 
liquid portion of the blood: (i) through interstices around the trapped cellular 

10 components of the blood and (ii) from the pad of porous material; o , 
whereby the separation of the liquid portion of blood from the cellular 

components of the blood occurs by flow, through the pad without significant 

hemolysis. 

15 2. The device, of claim .1. wherein the pad pf porous , material , 

contains a binder for the cellular components of blood. 

. 3, . The^deyice of claim 1. wherein the pad is impregnated with 
a carbohydrate capable of aggregating blood ceUs._ 

20 4 1 1 /] , ^' t ] . ~ 

4. The device of claim 1 wherein the pad of porous material 
includes two sectors: 

(i) a first sector permeable to both the. liquid portion of , r . 
blood and the cellular components of. blood; and - 
25 (ii) a second sector permeable tp_the f liquid portion of blood 

but capable of binding the cellular components of blood. , 

5. The device- of \ claim 1 wherein the pad of parous material 
permeable to the liquid portion of blood but capable of trapping the cellular 

30 components of blood includes therein an asymmetric membrane with a first 

surface and a second surface, the membrane having a gradient of pore sizes such 
that the pore size decreases from the first surface to the second surface, the 
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asymmetric membrane capable of trapping the cellular components of blood 
within it and allowing the liquid components of blood to pass through. 

* " ' ** ' 6. The device of claim 1 wherein the means, attached to the pad, 
5 for facilitating the flow of the liquid portion of the : blood includes, therein a 
membrane for chromatographic separation/ 

7. A device for separating the liquid portion of blood from the 

cellular components of blood comprising: 

10 (a) k first parous separating matrix permeable to the liquid portion 

• • ■•; - v m . *i v. : ' 

of blood but capable of trapping the cellular components of blood; and 

(b) a second porous matrix in operable contact with the first 

porous separating matrix that permits'the liquid portion of the blood to fiow by 

capillary action or chromatographic separation through the second porous matrix; 

15 whereby the separation of the liquid pprtion of bipod from the cellular 

components of the b!6od occurs by flow through the first and second matrices 

without significant hemolysin. J 

•■ 8. A device for separating! the liquid portion of blood from the 
20 cellular components of blood compnsing: f ' *" ' 

(a) a first porous separating matrix permeable to the liquid portion 
of blood tiiit capable of trapping the cellular components "of blood; 

(b) a second porous separating matrix in operable contact with the 
first porous separating niatrix permeable lo "the liquid portion of blood but 

25 capable of trapping the cellular components of blood; and 

1 ' *" * * ''' (c) - a tfifth porous" matrix in operable contact with the second 

porous separating matrix that permits the liquid portion of the blood to flow by 

capillary action or chromatographic separation through the second porous matrix; 

whereby the separation of the liquid portion of the blood from the cellular 
30 components of the blood'occurs by 'flow through the first and second porous 

separating matrices without significant hemolysis. 
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9. ' The device : bf claim 8 wherein either the first porous matrix, 
the second pkjrou^TOatrixV or both the first and second porous matrices contain a 
binder for the cellular ^components of blood. * ' ' ' : 

5 10. Thie device 'of clairii 8 wherein either the first porous matrix, " 

the second porous matrix, or both the first arid second porous matrices are 
impregnated with a carbohydrate capable of aggregating blood cells. * 

11 ; The device of claim 8 whereto either the first porous matrix, 
10 the second porous matrix, or both the first and secbnd porous matrices include 
two sectors: 

(i) V first sector permeable to bbth the liquid portion of 
blood and the cellular components of blood; and - 

(ii) a second Sector permeable to the liquid portion of blobd " 
15 but capable of binding the cellular components of blood! 

12/ The devite of claim 8' wherein either the first porous matrix, 
the second 1 porous matrix, or both the first" and secbrid porous matrices are 
asymmetric merribrdnes witri~a feslt surface arid a secbnd surface, the membrane 
20 having a gradient of pore sizes such that the pore sizie decreases from the first 1 
surface to the second surface; the asymmetric membrane capable of trapping the 
cellular components of "blood within it and allowing the liquid components of 
blood to piss through. - c 

25 13. The device of claim 8 wherein the third matrix includes a 

membrane for chromatographic separation. " * 

" 14. A device for separating the liquid portion of blood from the 
cellular components of blood comprising: * 
30 (a) a first porous separating matrix permeable to the liquid portion 

of blood but capable of trapping the cellular components of blood; and 
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(b) at least nvo second porous matrices, each second porous 
matrix in operable contact with the first .porous .separating .piatrix that permit^ the > 

liquid portion of the blood to flow by capillary action .or chromatographic , T 

separation through the second porous matrix; 
5 whereby the separation of the^ liquid pojtipn of blood from the cellular 

components of the blood occurs by flow^through the first. and second matrices 
without significant hemolysis. ^ . „. ^ m 

15. The device of .claim 14 whereineach second matrix includes a 
10 membrane for chromatographic, separation. 

16. A device for separating. the liquid portion of blood from the 
cellular components of blood comprising: . r .««. . ~ ,~ >, 

(a) a first opposable component including: .. . 
15 (i) a first porou^separating matrix permeable to the. liquid 

portion of blood but capable of trapping the cellular components of blood; and 

(ii) a second, porous ipatrix in pperablp. contact with the 
first porous separating matrix that permits the liquid portion of the blood, to flqw 
by capillary action or chromatographic separation through .the secqjijd porous 
20 matrix; and 

(b) a second op{>osable component attachable to, the first 
opposable component such that the first and. second opposable components can be . 
brought into opposition to transfer fluid from one of the opposable components to 
the other by pressure; whereby the separation of the liquid portion of blood from 
25 the cellular components of the blood occurs by flow through the first and second 
matrices of the first opposable component without significant hemolysis. 

17. The device of claim 16 wherein the second opposable 

'■>. .: i ,.r: !. -ik:\ ; = t \i:' r..*:\ -- 7 , 

component includes a sample preparation zone. 

•■: i: r ' : ■ ■ .c ;. 

30 

18. The device of claim 17 wherein the sample preparation 
zone includes a specific binding partner labeled with a detectable label, the 
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specific binding partner having specific binding affinity for at least one 
component selected frpm the analyte and a- specific binding partner for the 
analyte in a Jfonn that can be resolubilized by thejaddition'of an .^tieous sample' • , 
to the sample preparation zone. 
5 ri. * ; - " • ' S 

19. c The ( device qf claim 16 .wherein at least one of -the first and 
second opposable, components] further includes arsample preparation zone i ! 
including a specific binding partner labeled.with a- detectable label/the specific v 
binding partner having specific binding affinity for at least one component 

10 selected, from the analyte and a specific binding- partner for the analyte in a form 
that can be .resolubilizecj by the addition of .an aqueous sample to the sample 1 
preparation zone. 

20. A device for separating the liquid portion of blood from the 
15 cellular components of blood comprising: 

~: u--: (a) a first opposable component including: - 

(i) a first porous separating matrix permeable to the liquid 
portion of blood but capable of trapping the cellular components of blood; and 
\% : t v / ' : \.(ii)!Ta second porous matrix - including a membrane for 
20 chromatographic separation in operable contact with the first porous separating 
matrix that permits the liquid portion of the blood to flow in a first direction by 
capillary, action orj chromatographic separifioif through the second porous matrix; 
and .» -.M .... rJ ^; i ••. » ■ .nnc'a A !.■£•:■- "-uii. :*■■..:.•*; *. . 

:J(b) a Second -opposable component attachable" to the first opposable 
25 component such that the first and second opposable 'components can be brought 
into opposition to transfer a reagent 1 frorii'the^ second (Opposable^ Component to the 
first opposable component by pressure so brihging : the first and second' opposable ~ 
components into opposition causes the reagent 'transferred from the' second 
opposable component to the first opposable Component to migrate through the J 
30 second porous matrix in* a second r difection^pposite to the first direction; 
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whereby thg : separation of the Hquid -portion of bloocT fr6m : th^cellular : 
components.- of the blo.oq! occurs, byt flow through 'the ffrst ahd'secoM ibatric^^tDf 
the..first : opposable component ,without tig^fibarit -hemolysis- - : * • > ' 

■ . * . * ""■ * ~\ ■■ ' r '' - • 

5 21. The device of claim 20 wherein the membrane for 

chromatographic separation includes? therein a: capture zone- for binding an analyte 
and the reagent transferred froni the second: opposable component to the first 
opposable : component is a .labeled, specific, binding partner for' the analyte. :; ' 

o^t: >- v ' " ; * . . 

10 . 22. The deyice:Af -any. of claims 7| 14; or 16 wherein the'first : : 

porous separating matrix 5 contains; a jbinder for thefcellular components of bloodY ? 

. • . - ;«-:• * 

23. The device of any of claims 2, 9, or 22 wherein the binder is 
an anti-blood cell antibody.,, ' } , " 5 . / - ^. 

15 v ~* ' - ' mI.' ': - 

24. The devipejpf cJaim-23 Mierein:the anti-blood cell antibody is 
an anti T erythrocyte antibody ^j.-.r \','.r-'..." a . * 

' ii.-.n-'j.v: ^I;^ ~.. .q. "J s - U-..- Vn : ;a,.i \«> -.<r.*: „ t 

25. The d|xice :i o£^ 

20 a lectin^ ,. ;jr , .,. , t - r: :, Vjf0r[ ^ . -^-p s-i g !:>■• ir.;,.:^: -r - 

rr,.:: v.". -J: " - h^Jd \A : Ki .-"inoq b.'.i^:! ' " '.r r>. i ■ ^. ? -';-'-v : 
v £6. pie deyice^f^la^ 
group consisting of concanavalin A, abrin, phytohaemagglutinin, limulin, and the - 
lectins produced by . l^e-follg^ing^sptec^^ - ^^a/5^GW bisporus^ Anguilla anguilla, 

25 Arach^hypogaea r B<pri purpurea, Cafagana r*. v: 

arbppescens, CicerrarietifM^ Doiichos 
^^^rS^r -vE^^Vf . cara^/ci^^ciTKn^ ^p^r^r/na crimgalU^Euonymus eurvpaeus^ ~: 
Glycine mat, Hti^aym^^Metix pemqUa, Lathy rus.adaratus, Lenrciilinaris, r< 
Lycopersippn esmlentum * Maclurap A om$er<& Momondioa xkarantia, . Mycoplasma : 

30 gallisepxicum, Najq mocamb Phaseolus w 

coccineus, Phaseolus limensis, Phaseolus vulgaris, Phytolacca americana, Pisum 
sativum, Pseudomonas aeruginosa, Psophocarpus tetragonolobus, Ptilota 
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plumosa, Ricinus communis, Robinia pseudoacacia, Scmibucus nigra, Solarium 
tuberosum, Sophora japonica, Tetragonolobus purpureas, Triricum vulgaris, Ufex 
europaeus, Vida l faba^Vicia sativa, Vicia villqsa, Vigna radiata, Viscum album, 
and Wisteria floribunda. . ...... ,r 

27. The device of any "of claims 7, 14, or "16 wherein the first 
porous separating matrix is impregnated with a carbohydrate capable of 
aggregating blood tells. ....>• 

10 J : ' • 28. The device of any of clainis 3, 10 or 27 wherein the 

carbohydrate" is selected from the group consisting of mannitol, sorbitol," inositol, 
j8-D-glucose; a-D-glucose, D(+)xylose, D(+)mannose, D(-)arabinose, 
L(+)arabinose, D(+)galactpse, L(-)xyl6se, D-glucoheptose, L-lyxbse, lactose, 
maltose, and sucrose. 



15 



20 



29. The device of claim 28 wherein the carbohydrate is mannitol. 

30. The device^bf any of claims 7 or 16 wherein the second 
matrix includes a membrane for chromatographic sepaf^ 



31. The device of any "of claims 6] 13, 15, or 30 whereinthe 
chromatogfaLphit sepai 
a member of a~ specific binding pair. 



membrane for chromatography: separatiori has a capture zone thereon for binding 



25 32. The device of any of claims 7 or 16 wherein the first 

separating matrix is an asymmetric membrane with a first surf ace and a second 
surface, the membrane having a gradient of pore sizessuch that the pore size 
decreases from the first surface to the' second surface, the asymmetric membrane^ 
capable of trapping the : cellular components of blood within it and allowing the 

30 liquid components of blood to pass through. 
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33. The device of any of qlaims. % or 16 wherein the first . 
separating matrix includes two sectors: . <. 

..^ ... - T (i) a first sector permeable to both the liquid portion of 
blood and the cellular components of blood; and 
5 (ii) a second sector permeable to the liquid portion of blood 

but capable of binding the cellular component^. of blpod £ „ ; 

34. A method for separating the liquid portion of biopd from 
the cellular components of blood comprising the steps of: 

10 (a) adding a cross-linking, substance .for .the cellular components of 

blood to a sample of whole blood, the cross-li^cing ^ubstance being sejpcted ... 
from the group consisting of a lectin, an anti-blood cell antibody,, and ,a, 
carbohydrate capable of agglutinating blood cells; 

(b) mixing the cross-linking substance and the blood $aniple to 

15 form a mixture of the cross-linking substance and the, blood sample; - 

(c) applying the m^ 

blood sample to a device for separating the liquid portion of blood from the 
cellular components of blood, the device comprising^. f frr 

(i) .a pad of porous material penneiable to Jhe liquid portion - 
20 of blood but capable of trapping the cellular components of blood aggregated by 

the reaction between the cross-linking. substance and the blood sample; , 

(ii) a substrate supporting die pad; and 

(iii) means, attached to the pad, for facilitating the flow of 
the liquid portion of the blood: (1) through interstices around the trapped cellular 

25 components of the blood and (2) from the gad of porous material, whereby the 

separation of the liquid portion of blood from the cellular components of the 

t:r.f . n-j l r:: /' vr.; ...--: . u ' ;f: ;\ v . "■»*. . v\v: 

blood occurs by flow through the pad without significant hemolysis; and 

(d) allowing the liquid portion of the blood to flow through the 
pad tq separate the liquid portion of the blood from the cellular components of 

30 the blood. 
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35. The mfethod of claim 1 34 : further coiiiprisihg adding an 
anticoagulant together -with the cix)ss-linlcmg : ^bstaiicc: ~~ 

36. A method for sepairating r die-liquid portion of bldod from the 

5 cellular components of blood comprising the : steps of: " s " 
(a) adding a sample of blood to a capillary tiibe coated with a 
cross-linking substance, the cross-linking substance being selected from the group 
consisting of a lectin, an anti-blood cell antibody, and a carbohydrate capable of 
aggregating blood cells; 
10 (b) allowing the cross-linking substance to dissolve in the blood 

sample to form a mixture of the cross-linking substance and the blood sample; 

(c) applying the mixture of the cross-linking substance and the 
blood sample to a device for separating the liquid portion of blood from the 
cellular components of blood, the device comprising: 

15 (i) a pad of porous material permeable to the liquid portion 

of blood but capable of trapping the cellular components of biood aggregated by 
the reaction between the cross-linking substance and the blood sample; 

(ii) a substrate supporting the pad; and 

(iii) means, attached to the pad, for facilitating the flow of 
20 the liquid portion of the blood: (1) through interstices around the trapped cellular 

components of the blood and (2) from the pad of porous material, whereby the 
separation of the liquid portion of blood from the cellular components of the 
blood occurs by flow through the pad without significant hemolysis; and 

(d) allowing the liquid portion of the blood to flow through the 
25 pad to separate the liquid portion of the blood from the cellular components of 

the blood. 



30 



37. The method of claim 36 wherein the capillary tube is also 
coated with an anticoagulant together with the cross-linking substance and the 
anticoagulant is allowed to dissolve in the blood sample. 
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38. .The.rnethqd of any pfxiaijrns 35 or 37 wherein $fce 
anticoagulant is selected from the group consisting of r EDTA and -heparin. 

39. The method of any t of claims 3£ or 36 wherein., a 

5 concentration of cross-linking substance is used, .that is sufficient to cross-link l : - 
substantially all cellular elements of f blood. , - . 



i , ; 
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